Background
The blood flow in the skin and other tissues is controlled by vascular endothelial cells. Studies show that different racial populations have different genes that can alter endothelial function [1] . For example, people from Thailand and other North and Southern Asians have a thrifty gene that alters their endothelial function [1, 2] . This gene was developed to protect this population from starvation and alters a nuclear transmitter PPAR, which in turn, alters the response of the endothelial cells to stressors such as anoxia [2] . Little is known about the endothelial function of people from India. The response of the skin, for example, to anoxia or even local heat application has not been examined in even a younger population of Southeast Asian Indians compared to other racial groups.
A standard measure of endothelial function is the vascular response to occlusion of the circulation [3] [4] [5] . When vascular occlusion is applied for 4 minutes and then released, there is a rapid post occlusive hyperemia which returns to normal in about 2 minutes [2, 6] . This is a standard test of endothelial function used in clinical medicine [2, 4] . Nitric oxide inhibition only reduces the hyperemic response to occlusion slightly [7] . It is believed that the response is driven by prostaglandins, tactile sensory nerves and other unknown factors [7, 8] . Ageing and diabetes reduce the blood flow response to vascular occlusion [6, 9] .
Local application of heat is also mediated by the vascular endothelial cells in skin blood vessels. It is well established that when heat is applied to the skin there is an increase in skin blood flow [9] [10] [11] . Initially, tactile neurons in the skin release Substance P and Calcitonin Gene Related Peptide when the skin is exposed to local heat [12, 13] . This causes an increase in potassium permeability in vascular smooth muscle surrounding the endothelial cell [12, 14, 15] . Relaxation of vascular smooth muscle then increases blood flow. But this response only lasts a few minutes. The sustained response to increasing temperature in the skin is mediated by TRPV-4 voltage gated calcium channels in the vascular endothelial cells [16] [17] [18] [19] . Above a temperature of 35°C, these cells cause an exponential increase in calcium influx into the endothelial cell from the interstitial space. Calcium activates the enzyme nitric oxide synthase producing endothelial nitric oxide [11] . Nitric oxide, a potent vasodilator, diffuses into the surrounding smooth muscle activating cyclic GMP which in turn increases potassium permeability and relaxes vascular smooth muscle [12, 15, [20] [21] [22] . Damage to endothelial cells with ageing and diabetes diminishes the response to local heat [6, 9] .
Both of these tests, that is occlusion and the response of the skin to local heat have been well characterized in Caucasians but little has been done to examine the responses in other races. Some studies have been conducted on Asians. For example, the response to occlusion is blunted in people from Thailand compared to Caucasians [2] . While occlusion is a useful clinical test, it is more practical to examine the response to other stressors such as to heat since heat is used as a therapeutic modality [23] [24] [25] . Many of the same genes as seen in people from Thailand are found in Southeast Asian Indians. Since people from Southeast Asia have a similar gene pool to people from Thailand, the hypothesis in the present investigation is that people from India will have a reduced response to heat and occlusion as was seen for occlusion with people from Thailand. Therefore, the present investigation tested the hypothesis that people from Southeast Asia would have a diminished response to heat and vascular occlusion.
Material and Methods

Subjects
Twenty subjects participated in these experiments. The subjects were divided into two groups; one group of people from India and one other group of Caucasians. Both were living in the United States and were students at Loma Linda University. Most students were physical therapists. The cohort from India was only in the United States for 6 months. The Caucasian cohort were all born and grew up in the United States. There were 10 subjects in each group. Subjects had no diagnosed cardiovascular disease, were not taking any medications that would affect the cardiovascular system and did not have any known peripheral circulatory diseases. The general characteristics of the subjects are shown below in Tables 1 and 2 . As shown in Tables 1 and 2 , there was no significant statistical difference between ages, height, weight, BMI or % body fat of the 2 groups of the subjects. However, although there was no significant statistical difference in the general demographics, when ultrasound was used to measure subcutaneous fat thickness and skin thickness, the average skin thickness for the Caucasian group was 0.04±0.01 mm with the same skin thickness in the group from south-east India. Subcutaneous fat thickness was higher at 0.11±0.03 for the Caucasian group compared to 0.08±0.03 for the Indian group. This difference was statistically significant (p<0.05). The resting heart rate and blood pressure of the 2 groups of subjects was 72±6 beats per minute and 122±8.9/77±5.6 mmHg in the C group respectively and 71±7 and 120±10.2/75±8.2 mmHg in the SAI group. There was no significant difference between the groups.
All protocols and procedures were approved by the Institutional Review Board of Loma Linda University and all subjects signed a statement of informed consent.
Methods
Measurement of skin blood flow
Skin blood flow was measured with a MOOR Laser Doppler imager (Moor LTD Oxford, England). The imager used a red Laser beam to measure blood flow in the skin. The Laser was used in a single spot mode. In this mode, the Laser scanned a single point continuously to measure the skin blood flow. Blood flow in a Laser Doppler imager is calculated in a unit called flux. The stated reliability from the manufacturer is ±5% from day to day. The laser was calibrated just before and in the middle and end of the study; there were no calibration changes noted.
Measurement of skin temperature
Skin temperature was measured by a thermocouple. The thermocouple is a copper constantan alloy thermocouple from Columbus Instruments (Columbus, Ohio) and was connected to an IsoThermix analysis system. The IsoThermix system was internally calibrated and measured temperature from a catheter which is small enough to fit into the tip of a 22 gauge needle. The thermocouple was calibrated at 2 different temperatures, 30 and 45 degrees centigrade before the experiments started, in the middle and at the end. The baths were verified with a standard reference thermometer.
Control of skin temperature
Skin temperature was controlled with a thermode. The thermode consisted of a plastic chamber with a port on each end so that water could pass through the interior. The chamber was approximately 5.3 cm by 2.5 cm by 2.5 cm in size. On each end of the chamber was a thermocouple such that as water circulated through the interior from a controlled temperature water bath (Biopac systems, Goleta California), the temperature difference across the chamber could be measured. Heat flow from the chamber to the skin was measured by multiplying the flow of water per minute going through the outlet times the temperature differential across the chamber. This provided the number of calories of heat being delivered to the skin. Water bath temperatures were kept at 38, 40 or 42°C. A hole through the thermode allowed the Laser to scan through the center of the thermode onto the skin. Further detail on the technique and the reliability and validity are published elsewhere [26, 27] .
Body fat content
Body fat content was measured by an Quantum II Body Composition Analyzer (RJL Systems, Clinton TWP, MI).
Skin thickness and subcutaneous fat thickness
Skin and subcutaneous fat thickness was assessed with a Mindray M7 Ultrasound. The probe used was a linear probe with 512 elements which could measure the thickness of skin and subcutaneous fat to a resolution of 0.01 mm. It was used at a base frequency of 10 MHz
Procedures
Subjects entered a thermally neutral room (22°C) and rested comfortably for 20 minutes in the seated position. The area used was the skin over the belly of the brachioradialus muscle. For each person, a mark was placed at the side of the flow measurement with ink so that placement was the same from one experiment to the next. Baseline blood flow was recorded for 1 minute. Five different experiments were then conducted. In 3 of these experiments, the thermode was placed on the skin and the water temperature warmed the skin to 38°C, 40°C or 42°C on 3 separate days, respectively. The thermode was left on for 6 minutes. On another day, occlusion was applied for 4 minutes by a blood pressure occlusion cuff inflated to 200 mmHg followed by 2 minutes of additional blood flow recording. Finally, on the last day, the occlusion experiments were repeated but the thermode was applied throughout the entire 6 minute period bringing skin temperature to 42°C. Skin temperature at this site was measured throughout the experimental period.
Analysis of data
Means and standard deviations were calculated using Excel and SPSS version 15. Two way ANOVA repeated measures (Scheffé test Post Hoc testing) was also calculated on SPSS with a level of significance of p<0.05.
results
Response to vascular occlusion
Caucasian group
The results of the determination of skin blood flow after 4 minutes of vascular occlusion are shown in Figures 1 (Caucasians) and 2 (Southeast Indians) respectively. As shown in Figure 1 , when the subjects sat in a thermally neutral room, the average skin blood flow at rest was 102.1±33.1 flux. During the occlusion, there was some skin blood flow but this low blood flow, which was seen in both Figures 1 and 2 for both Caucasian and Indians, is due to molecular motion in the arm and not due to actual blood flow. Laser Doppler imaging measures molecular movement and hence, can only show 0 flux under the condition that all molecular motion stops. As shown in Figure 1 , for Caucasians, after the occlusion was released at 240 seconds, there was a rapid increase in blood flow to a maximum value of 617.3±88.2 flux within 30 seconds after the occlusion cuff was removed. The skin blood flow for this group of 10 subjects reduced rapidly over the next 2 minutes towards the initial resting flow of approximately a 100 flux. Table 2 . General characteristics of the 7 men and 3 women in the Indian group of subjects.
after vascular occlusion in an environmentally neutral room was 208.7±81.2 flux. This was not the case when the arm was heated during vascular occlusion. When the arm was heated as shown in Figure 1 , with a thermode at 42°C, both during and after the occlusion was removed, blood flow increased significantly higher, increasing to 711.3±101.4 flux at the peak after the cuff was removed but then plateaued at an average of 641±6 flux for the remaining 2 minute period. In Figure 1 , there was no significant difference in the blood flow at rest. After vascular occlusion was released, blood flow was significantly different (p<0.01) for flows recorded for all time periods after occlusion was released.
Asian Indians
For the group of subjects from Southeast Asia, skin blood flow, at rest, averaged 101.2±24.3 flux. This was not significantly different from the resting blood flow in the Caucasians (P>0.05). In the thermally neutral environment, when the occlusion was removed, skin blood flow immediately increased during the post-occlusion reactive hyperemia to a maximum of 284.5±73.2 flux as shown in this figure. The average skin blood flow then decreased exponentially to a final value of 147.3±64.3 flux at the end of the 2 minute period. In contrast, when the skin was warmed, there was a much greater increase in the circulation, skin blood flow increasing to a maximum of 543.8±101.3 flux after the occlusion cuff was released and then plateauing at 471.1±104.5 flux at 2 minutes after the occlusion. In Figure 2 , there was no significant difference in the blood flow at rest. After vascular occlusion was released, blood flow was significantly different (p<0.01) for flows recorded for all time periods after occlusion was released.
Comparing Caucasians and Indians, the skin blood flow after the occlusion cuff was removed was significantly higher immediately after and for first minute and half after occlusion was removed (during the reactive hyperemia) comparing Caucasians to Indians (p<0.01) when occlusion was applied in the thermally neutral room. This was also true when heat was applied, except that here, skin blood flow after the occlusion cuff was removed was significantly higher for the Caucasians at every measuring point throughout the entire 2 minute post-occlusive hyperemia period (p<0.01).
Response to local heat
The change in skin temperature associated with 6 minutes of passive heating for Caucasians and Southeast Indians are shown in Figures 3 and 4 respectively. As illustrated for the mean results (average of all subjects in each group) in these 2 figures, for both groups of subjects, skin temperature increase continuously over the 6 minute period. However, as might be expected, the greatest skin temperature increase was after exposure to the 42°C thermode for both groups of subjects. However, there are differences between the groups.
Skin temperature in Caucasians
For the Caucasian subjects (Figure 3) , the average skin temperature started at 32.6±0.6°C and increased to a maximum after exposure to the 38°C thermode of 35.0±0.9°C, after the 40°C thermode to 35.5±0.9°C and after the 42°C thermode to 36.2±1.1°C 6 minutes after the thermode was applied to the skin. The skin temperature after the 38, 40 and 42°C thermodes were significantly greater than each other and Figure 1 . Illustrated here is the relationship between blood flow (flux) obtained on a Laser Doppler Imager and the time that the blood flow was collected in seconds on Caucasian subjects. Each point represents the mean of the results of the 10 subjects ± the respective standard deviation under 2 conditions. In the first condition, occlusion was applied for the arm for 4 minutes in a thermally neutral room. Blood flow was then recorded throughout the 4 minute period and the 2 minute period following the release of the occlusion cuff. In the second set of experiments, occlusion was also applied for 4 minutes but with the arm warmed to 42°C with the thermode during the occlusion and for 2 minutes following the occlusion. conditions. In the first condition, occlusion was applied for the arm for 4 minutes in a thermally neutral room. Blood flow was then recorded throughout the 4 minute period and the 2 minute period following the release of the occlusion cuff. In the second set of experiments, occlusion was also applied for 4 minutes but with the arm warmed to 42°C with the thermode during the occlusion and for 2 minutes following the occlusion.
higher with the greater thermode temperatures starting at 20 seconds after the thermode was applied (ANOVA, p<0.01).
For the first 20 seconds there was no significant difference in skin temperature for the 38 and 40 degree baths but the 42 degree bath showed a high skin temperature starting at 10 seconds compared to the other two experiments (p<0.05).
Southeast Asia Indians
In contrast, while the average skin temperature at rest, averaged 32.5±0.5°C for the subjects from Southeast Asia ( Figure 4) was not significantly different from that of the Caucasians (p>0.05), there was a difference in the maximum temperature at the end of the 6 minutes after exposure to the 3 different thermode temperatures. The skin temperature after the 38, 40 and 42°C thermodes were significantly greater than each other and higher with the greater thermode temperatures starting at 20 seconds after the thermode was applied (ANOVA, p<0.01). For the first 20 seconds there was no significant difference in skin temperature for the 38 and 40 degree baths but the 42 degree bath showed a high skin temperature starting at 10 seconds compared to the other two experiments (p<0.05).
While the general trend was the same for Indians and Caucasians as shown in Figures 3 and 4 , showing a continuous increase in the temperature of the skin to final values after thermode exposure at 38, 40 and 42°C of 36.3±0.8, 37.0±0.9 and 37.7±0.9°C respectively, the temperature in the skin in Indian subjects was generally higher than that of the Caucasian subjects. All temperature measurements for the skin starting at 30 seconds after the thermode was placed on the skin at all 3 thermode temperatures were significantly higher in the Southeast Asians compared to the Caucasians (p<0.05). For the first 30 seconds, the difference was no significant. There was also a difference in the number of calories absorbed from the thermode in the Caucasian vs. subjects from Southeast Asia.
Calories transferred during heating in Caucasians and Asians
When the number of calories to warm the skin was calculated for each of the 3 bath temperatures (38, 40, 42°C), for the Caucasians, over the 6 minute period the average was 8.1±1.3, 6.4±0.7 and 3.8±0.6 calories per minute over the 6 minute period that was transferred from the thermode into the skin. The number of calories transferred at each temperature was significantly different from each other (ANOVA, p<0.01). For the subjects, who were Southeast Asian Indians, the average number of calories was significantly less at each temperature for the thermodes than for the Caucasians (p<0.05) averaging 5.9±0.6, 4.1±0.6, 1.9±0.3 calories per minute.
Skin blood flow during local heat exposure
The results of the determination of skin blood flow during 6 minutes exposure taken after exposure to thermode temperatures of 38, 40, 42°C are shown in Figures 5 (Caucasians) and 6 (Southeast Asian Indians).
Caucasians
For the Caucasian cohort, after exposure to all 3 thermode temperatures, skin blood flow increased continuously as shown in Figure 5 . The greatest skin blood flow seen was after 6 minutes exposure to a thermode of 42°C. Circulation was much less in the skin of the forearm for thermode temperatures of 40 and 38°C respectively. The average resting blood flow of the forearm was 113.38±48.2 flux. From this initial value, the final blood flows after 6 minutes of exposure to the thermode at 38, 40 and 42°C were 374.7±81.2, 551.9±91.3 and 725.9±107 flux respectively. The blood flow, was significantly higher at 42 then 40 then 38°C at any point during the heat exposure (ANOVA, p<0.01) after 30 seconds of heat exposure. For rest and 10 seconds there was no significant difference and at 20 and 30 seconds only the 42 degree thermode showed a significantly higher blood flow response.
Southeast Asian Indians
For the Southeast Asian Indians, the average resting blood flow was not significantly different than that of the Caucasians averaging 96.0±37.1 flux. The final blood flow after the exposure to the thermode at 38, 40 and 42°C was 248.5±86.2, 361.4±104.3 and 455.3±109.7 flux respectively for the 3 temperatures. As was the case with the Caucasians, the skin blood flow increased above rest at each point in time for the whole 6 minutes but the magnitude of the blood flow response was significantly higher for the thermode at 42 compared to 40°C and 38°C (ANOVA, p<0.01) after 90 seconds of placement of the thermode. For the first 20 seconds, there was no significant difference in the response at any thermode temperature. From 30 to 80 seconds, only the 42 degree thermode flux response was significantly higher than the other 2 temperatures (p<0.05). Comparing Caucasians to Indians, for each temperature, that is 38, 40, 42°C that the thermode was at, Caucasians had significantly higher skin blood flow than was seen for Southeast Indian subjects (p<0.01) after 90 seconds of thermode placement. In the first 40 seconds, there was no significant difference and from 50 to 80 it was significant (p<0.05).
discussion
The gold standard for measuring vascular endothelial function is by applying 4 minutes of occlusion to the limb and then measuring the reactive hyperemia either in the brachial artery of the forearm or the skin after the occlusion is released [2, 5, 6, 28, 29] . The test has been used in numerous studies to assess vascular endothelial function to show cardiovascular disease [30] , vascular damage elicited by diabetes [6, 31, 32] , and to assess the effect of ageing on vascular endothelial function [33] . The implication of this test is that reduced vascular endothelial function affects the blood flow to organs and impairs organ function. However, while vascular endothelial function as assessed by occlusion or even the effect of local heat on skin circulation has been well documented in Caucasians, it has not been well documented in Southeast Asian Indians.
In the present investigation, 10 young Caucasian subjects and 10 young subjects who were Southeast Asian Indians were examined. First, occlusion was applied in a thermally neutral room to assess vascular endothelial function. In these young subjects, there was a marked difference in the vascular endothelial response in the Southeast Asian Indians examined in this study compared to Caucasians. Whereas the time course of the reactive hyperemia was approximately the same in both cohorts, the blood flow response after occlusion was approximately twice as high in Caucasians as in the subjects from India. This would seem to imply reduced vascular endothelial function in this Indian population. Numerous studies have pointed to genetic differences between Asians, Southwest Asians, and people from India and Caucasians [1] . For example, Asians have a gene which has been called the "thrifty gene" [2] . This gene, which was developed historically to allow this population to survive on low caloric diets for long periods of time, with a modern diet, has resulted in endothelial dysfunction [1] . As Indians have moved from an agrarian to a Western industrialized economy, these same genes have caused one of the highest increase in diabetes and heart disease than any other population in the world [1, 4, 5] . The difference in the blood flow response between the 2 groups may be linked to either a genetic difference in endothelial function or, to the effect of modern diet on Indian subjects in the United States vs. Caucasians. On an Indian Americanized diet, it is possible that these subjects have enhanced oxidative stress in their diet that has reduced their vascular endothelial function. Even a single high fat meal can reduce endothelial function and the response to anoxia [2, 34, 35] . The mechanism of this response has been linked to increased production of free radicals from a higher fat diet than the thrifty gene normally allows Asians to consume. Increased free radical production then causes the bio-conversion of nitric oxide in vascular endothelial cells to peroxynitrite, reduces the vascular endothelial response to a stress such as anoxia [2] .
But other factors may be involved. The Indian cohort studied in these experiments was all medical professionals. Due to industrialization, another factor in this population, due to dark skin, is severe depression of vitamin D [4, 5, 36, 37] . Physical therapists, due to indoor work, have the lowest vitamin D levels in their blood of all Indians studied in a recent publication [36] . Low Vitamin D seems to be related to poor vascular endothelial function in response to occlusion [4] . This population may be atypical of other Indian Cohorts, although most people in India, do have severely depressed vitamin D [4] . Additional studies would need to be conducted on other Indian cohorts in the United States and in India to confirm if the depressed endothelial function seen here is common to other Indian populations.
When the skin was warmed during and after occlusion, for the Caucasian subjects, skin blood flow was higher than that seen in the Indian cohort, increasing to 700 flux and being maintained at this high level after the occlusion was over. This is presumably due to the effect of local heating on the skin plus the occlusion, a double stressor [38] . In the subjects from India, however, the blood flow response during heating and occlusion, while being less than that seen in the Caucasians, was much greater than for occlusion in a thermally neutral room. However, the response was still approximately 1/3 rd lower than that seen for Caucasian subjects.
Apparently, by combining heat with occlusion, then, the vascular response was closer in Indians to that of Caucasians. However, another factor must also be considered when sustained heat was applied without occlusion for the same period of 6 minutes. When examining skin temperature without occlusion, the skin temperature response seen in Indian subjects was 1.5°C higher than that in Caucasians. This greater increase in the skin temperature in people from India associated with same heat stress, 42°C, may be responsible for part of the greater increase in the blood flow with occlusion and heat together. Blood flow is proportional to the skin temperature. Thus, the warmer skin with occlusion should demand a greater blood flow response in the Indian cohort. However, this may only partially explain the greater proportional skin blood flow response to occlusion in heat. As shown in Figures 3-6 , comparing blood flow and skin temperature in Indians vs. Caucasians, even with higher skin temperatures, people from India had significantly less skin blood flow in response to any thermode temperature applied to the skin than in the Caucasian cohort. If the blood flow is compared in the 2 cohorts at the same skin temperature (since temperatures were higher in the Indian cohort), the circulatory response was even less then shown in these figures. When Indian subjects were exposed to a thermode at 42°C, for example, skin temperature was 37°C at 120 seconds after exposure to the 42°C thermode. The skin blood flow was only 300 flux. Caucasians, even at the skin temp of 36.5°C, the highest temperature recorded in these experiments after 6 minutes exposure to thermode at 42°C, had a blood flow of over 700 flux. If skin was cooler, the Indian cohort blood flow response would be even less. In this respect, the results are comparable with the occlusion series.
Another possibility causing the difference between the groups is related to the different distribution of males and females in the 2 cohorts. The menstrual cycle does alter the blood flow response to heat and occlusion [39, 40] . There were more women in one cohort than the other but since the experiments were spread out randomly over an entire menstrual cycle, this should only cause more variance in the data but not alter the means.
Body fat distribution differences between the 2 races may also alter the responses reported here. But the key factor is the thickness of the subcutaneous fat in determining how fast skin temperature rises to a heat load [10, 21, 41, 42] . Here, the Indian population had less subcutaneous fat than the Caucasians; as such their skin temperature should rise less and not more to a heat load. The likely cause of the increase in skin temperature in the Indians is the lower blood flow, keeping the skin from losing heat.
The blood flow response to both occlusion and heat in this young population was impaired. It is tempting to look at older populations and populations with diabetes. Old age and diabetes are associated with an increase production of free radicals and increased endothelial dysfunction [3, 6, 19 ]. It might be anticipated then that for older subjects from India with diabetes, the blood flow response would be a small fraction of that seen here. Lower blood flows in response to occlusion and heat may make this population more susceptible to skin damage and burns. Certainly, recent studies show that burns and skin damage are major problems in India [43] . But direct comparisons to Caucasian populations due to socio economic differences make causal relationships difficult to establish. Further investigation is wanted.
conclusions Southeast Asian Indians display both a diminished blood flow response of the skin to local heat and to 4 minutes of vascular occlusion compared to Caucasians. Since these groups were matched for age, height and weight, the differences between these groups may be due to genetic differences in the endothelial cell metabolism through what has been termed the "thrifty " found in Asians and Southeast Asians. This gene, believed to protect this population from starvation, has been shown to cause endothelial dysfunction even 2 hours after a high fat meal and may be responsible for the reduced blood flow seen here.
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